In this paper, we decompose the driving forces of global CO2 emissions for the post-crisis era 
Introduction
Despite the global efforts toward climate change mitigation, the global CO2 emissions from fossil-fuel combustion and cement production have been growing for decades. While previous crises, such as the oil crisis in 1973, the US savings and loan crisis in 1979, the collapse of the It is interesting to explore what drives the persistent growth of global CO2 emissions, especially after the financial crisis. In this domain, structural decomposition analysis (SDA) based on input-output tables has been widely employed (see, e.g. Su and Ang (2012) , Wang et al. (2017) for explicit reviews). SDA can break down the changes in CO2 emissions (or any other variable) over time into its determinants, such as energy intensity, production recipe, final demand structure, affluence, and population growth. Based on a single-region input-output database, for example, the literature reveals extensive use of SDA to identify the drivers behind the changes of CO2 emissions of a range of countries/regions, such as the USA (Feng et al., 2015) , China (Guan et al., 2008; Gui et al., 2014) , Norway (Yamakawa and Peters, 2011) , the Baltic States (Brizga et al., 2014) , Taiwan (Chang et al., 2008) , Spain (Cansino et al., 2016) , and Brazil (Perobelli et al., 2015) , etc.
In addition, there is a growing literature that explores the drivers behind global CO2 emissions growth by introducing SDA on global multi-regional input-output tables (GMRIO): e.g. emissions after the financial crisis might be Peters et al. (2012) . They estimated both the production-based and consumption-based CO2 emissions after the global financial crisis, and found that, from the consumption-based aspect, economic activities, including large government investment and growing consumptions in emerging countries, were the major drivers for the rapid rebound of global CO2 emissions from 2008 to 2010. From the production-based aspect, the researchers found that developed countries became temporarily less dependent on imports, hence slowing down the emissions embodied in international trade, and increased their production/territorial-based emissions.
In this study, we employed SDA based on a global inter-country input-output table that compiled by OECD and decomposed the global growth of CO2 emissions, with a special focus on the post-crisis era [2008] [2009] [2010] [2011] and UNDP, 2014). It is also interesting to explore the extent to which such a change of international trade patterns influenced the global CO2 emissions after the crisis.
Our article is organized as follows. In section 2 we introduce our methods and data sources;
in section 3 we present our decompositions' results, at both aggregate and individual region/industry level. Some policy-related implications of our findings are discussed in section 4.
Methodology and Data

Global Multi-Regional Input-Output (GMRIO) framework and data source
The GMRIO has been widely accepted in tracing the CO2 emissions footprint along global production chains (see Wiedmann (2009) r (r =1,...,n) represents the total output in region r (=1,..,n).
INSERT TABLE 1 ABOUT HERE
According to Table 1 , we have row equilibrium in matrix notation as follows:
The direct input coefficients can then be obtained by normalizing the columns in the IO table; that is:
where r, s=1,...,n, and ( ŝ ) −1 denotes the inverse of a diagonal matrix of total outputs in region s.
Define the input coefficients matrix
rs is the input coefficient from region r to region s. Then, the Leontief inverse can be calculated as = ( −
, where I is the identity matrix, with diagonal elements as ones and non-diagonal elements as zeros. The Leontief inverse describes both the direct and indirect linkages across regions and industries.
Using carbon r to denote the matrix of production-based CO2 emissions by industry group in region r and r = carbon r ( r ) −1 to denote the matrix of carbon emissions intensity per unit of output by industry group in region r, the CO2 emissions generated along global production chains can be traced as follows: 2 Please refer to appendix B for our procedure of estimating OECD-ICIO tables in constant prices. For more detail and explanations, please refer to appendix A of . 3 That means, in this paper we only focus on the CO2 emissions generated in the productions of goods and services. The CO2 emissions from land use, forestry, and household activities by combustions of fossil fuels (e.g. driving cars or cooking) are excluded. use by industry group.
The structural decompositions of global growth of CO2 emissions in production processes
In this paper, we follow the line of Xu and Dietzenbacher (2014) 
where ⊗ stands for the Hadamard product.
Moreover, we can split the C-matrix into sub-matrices for each region s (=1,...,65). Let Overall, the submatrices sum to C:
The Leontief inverse can be rewritten as:
In a similar fashion, the final demand can be decomposed into the determinants of total final demand and the pattern of sourcing. Let 
The CO2 emissions across regions in time t1 then can be traced as: give the production-based emissions of region r and consumption-based emissions of region s, respectively. Given n factors, there would be n! types of decompositions. In this paper, we adopt the recommendation of Dietzenbacher and Bart (1998), and employ the average of two polar decomposition formulae to decompose the global growth of CO2 emission into each determinant. In addition, it is possible to isolate the impact of changes of any factor in country s on global/regional CO2 emissions based on the decompositions. Please refer to appendix A for the detailed formula.
Empirical Results
Decomposition results of global growth of CO2 emissions
As aforementioned, we mainly focused on the growth of CO2 emissions after the financial Although the NGM productions of Mexico do not directly serve as the final demand of OECD economies, they provide intermediates indirectly for its production chains. This suggested that the demand on intermediates produced by Mexico did not be influenced by the international financial crisis, as a result the emissions increased.
Except for the final demand, the changes in production recipe (i.e. technical input matrix A) also led to considerable growth of CO2 emissions in a few non-OECD economies, such as Russia, South Africa, and Turkey, and in most OECD economies ( fig. 2a-2c ). In general, the intermediate With respect to emission intensity, as mentioned earlier, the overall decrease has been slowed down after the crisis. The decompositions also verified such a trend, as the negative contributions from emission intensity (DCA) are much smaller than are the positive contributions driven by changes in consumption and investment. In some countries, such as the US and France, the changes in emission intensity even led to a weak increase of CO2 emissions. This is in line with Consequently, the increasing share of domestic products, rather than imports, has decreased the consumption-based emissions for most OECD economies, and the increasing share of non-OECD's products has increased these economies' consumption-based emissions. 
Conclusion and Policy Implications
In this paper, we employed structural decomposition analysis to explore the forces driving factors on global CO2 emissions change for the period t0-t1 can be calculated as follows: 
Note that the effects of changes in final demand can be further separated into the changes in consumptions and fixed capital formation, by separating dom , oecd , noecd , and for consumptions or fixed capital formation only.
A.2 The decomposition formula of regional production-based and consumption-based CO2 emissions change
The above formulate can be extended to the decomposition of regional CO2 emissions change.
Note that, however, the accounting system matters when we discuss the regional CO2 emissions change. More specifically, the production-based and consumption-based CO2 emissions of region s in time t1 can be traced as: In a similar way, assume that only the emission intensity of region s change and other factors remain unchanged, its impact on regional production-based and consumption-based CO2 At the end, the impact of the changes in technical input coefficients (i.e. production recipe A) can be quantified as: gives the decomposition for consumption-based emissions.
